A pot experiment was conducted at the Experimental Station Farm, Faculty of Agriculture, Mansoura University during the winter season of 2013/2014 to investigate the effect of phosphorus, nitrogen and copper fertilization on yield and nutrients uptake of onion (Allium cepa L.). The experiment was carried out in factorial experiment in complete randomized block design (CRBD) with three replications. The obtained results could be summarized as the following: -Fertilizing onion plants with the highest level of phosphorus fertilizer (100 kg P 2 O 5 fed -1 ) produced the highest values of all studied characters in the season. -Application of the highest level of nitrogen fertilizer (150 kg N fed -1 ) produced the highest values of yield, quality and nutrients uptake characters of onion in the season. -Foliar spraying of onion plants with Cu at rate of 50 ppm significantly surpassed control treatment (without spraying with Cu) and produced the highest values of all studied characters in the season. It can be concluded that fertilizing onion plants with 100 kg P 2 O 5 fed -1 and 150 kg N fed -1 in addition to foliar spraying with 50 ppm Cu in the form of CuSO 4 at three times in order to maximizing its yield, quality and nutrients uptake under the environmental conditions of Mansoura district, Dakahlia Governorate, Egypt.
NTRODUCTION
Onion (Allium cepa L.) is amongst the main vegetable crops in Egypt for consumption processing and exportation .It is one of the most important sources for hard currency. Onion is highly valued herb possessing culinary (chopped, kippled or minced) and medicinal value. Onion contains many active compounds that appear to prevent of cardiovascular disease Many agricultural practices judge the productivity of onion yield among these firstly chosen high yielding cultivars and using optimum level of mineral nitrogen and phosphorus fertilization as soil application as well as foliar application with copper as a micronutrient.
Phosphorus (P) is one of the largest constraints to crop production in many semi-arid soils, owing to low native content and high P immobilization within the soil (Fairhust et al., 1999) . Accordingly, P fertilization usually recommended in these soils. Phosphorus is essential for root development and when the availability is limited, plant growth usually reduced. In onions, P deficiencies reduce root and leaf growth, bulb size and yield and can delay maturation. In soils that are moderately low in P, onion growth and yield can be enhanced by applied P. Onion is more susceptible to nutrient deficiencies than most crop plants because of their shallow and unbranched root system; hence they require and often respond well to addition of fertilizers (Brewester, 1994) . Abdissa et al. (2011) found that phosphorus fertilizer levels (0, 10, 20, 30, 40 kg P 2 O 5 /ha) showed insignificant effects on most studied parameters. The lack of significant response in onion to P fertilization could be attributed to the presence of adequate amounts of available P (16.02 ppm) in the soil and hence P fertilization for onion production is not advisable. Moradi (2015) showed that phosphorus fertilizer as triple superphosphate levels (0, 100 and 150 kg/ha) significantly improved the morphological properties of onion.
Nitrogen (N) often referred to as the primary macronutrients because of the probability of plants being deficient in this nutrient and because of the large quantities taken up by plants from the soil relative to other essential nutrients (Marschner, 1995) . Nitrogen is an essential element in all living systems and a major component of protein and chlorophyll. Under many agricultural settings, nitrogen is the limiting nutrient for high plant growth and yield (Marschner, 1995) . It is required by plants in much greater amounts than all the other soil-supplied nutrients. Although nitrogen nutrient is an essential to increase bulb size and yield, onion growers believed that excessive nitrogen prevented proper ripening and resulted in bulbs with poor storage quality (Sheikh et al., 1987) . Tekalign et al. (2012) found that nitrogen fertilization decreased bulb dry matter content by about 4% over the control. Nitrogen at rate of 115 or 138 kg N/ha resulted in about 2.9% rotting of the bulbs. Nitrogen fertilization reduced bulb dry matter content and storability by enhancing sprouting and rotting percentage. Gessesew et al. (2015) revealed that application of 138 kg N/ha was found the best treatment than others in relation to yield and yield components of onion. Moradi (2015) revealed that nitrogen fertilizer as urea levels (0, 150 and 300 kg/ha) increased the fresh and dry weight, volume and bulb diameter of onion. The highest nitrate concentrations resulting from urea rate of 300 kg/ha. Weldemariam et al. (2015) revealed that nitrogen fertilizer rates (0, 46, 69, 92, 115, 138 kg/ha) showed significant effect on leaf number, plant maturity, plant height and leaf length.
The longest plant height and leaf length was obtained from fertilizing with 138 kg N/ha. Overall, good growth performance of onion was obtained from fertilizing with 138 kg N/ha.
Copper (Cu) is consider as essential micronutrients for plant growth and activation of many enzymes. A copper deficiency interferes with protein synthesis and causes a buildup of soluble nitrogen compounds. Normal plants contain 8 to 20 ppm copper and deficient plants usually contain less than 6 ppm.
Copper deficiency in many plants shows up as wilting or lack of turgor and development of a bluish green tint before leaf tips become chlorotic and die. Onion bulbs show poor pigmentation because of copper deficiency. Alam et al. (2013) studied the effect of micronutrients (Zn, B, Mo, Mn, Cu and Cl) on growth and yield of onion. They found that foliar application of micronutrients significantly affected most of the yield contributing parameters of onion. Ballabh et al. (2013) studied the effects of foliar application of micronutrients (Cu, Zn, B, Fe, and Mn) on growth, yield and quality of onion. They indicated that foliar feeding with micronutrients significantly improved vegetative growth parameters, total yield and quality contents in bulb tissues compared to control treatment. Ur Rahman et al. (2015) concluded that foliar application of micronutrients play an important role in the production of higher bulbs yield of onion.
Therefore, this study conducted to elucidate the effect of phosphorus, nitrogen and copper fertilization on yield and nutrients uptake of onion under the environmental conditions of Mansoura district, Dakahlia Governorate, Egypt.
MATERIALS AND METHODS
A pot experiment was conducted at the Experimental Station Farm, Faculty of Agriculture, Mansoura University during the winter season of 2013/2014 to investigate the effect of phosphorus, nitrogen and copper fertilization on yield and nutrients uptake of onion (Allium cepa L.).
The experiment was carried out in factorial experiment in complete randomized block design (CRBD) with three replications. The experiment included eighteen treatments comprising, three phosphorus fertilizer levels, three nitrogen fertilizer levels and two levels of copper as foliar application. The first factor included three phosphorus fertilizer levels (0, 50 and 100 kg P 2 O 5 fed -1 ). The second factor included three nitrogen fertilizer levels (0, 100 and 150 kg N fed -1 ). The third factor incorporated two levels of copper fertilizer as foliar application (0 and 50 ppm Cu).
The experiment contained 25 plastic pots having a diameter of 25cm and length of 35 cm. The weigh 0f each pot is 10kg represent the surface layer of 30 cm from station of faculty of Agriculture. Data in table 1 show some soil physical and chemical properties. 48.6 N (mg kg -1 soil) Total N Ten seeds of onion were sown on 24 th November 2013 at equal distance and depth. After 50 days from planting, onion plants were thinned to six uniform plants per pot. Soil moisture was kept at field capacity by watering each pot to the constant weight every 7 days.
The nitrogen fertilizer was added to soil of pots at three levels i.e. zero, 50 kg N fed -1 (1.0 g pot -1 ) and 150 kg N fed -1 (1.49 g pot -1 ) in the form of ammonium sulphate (20.5% N) in three equal doses; after 21 days from planting, then 3 weeks after first dose, and 3 weeks after second dose. The phosphorus fertilizer was added to soil of pots at three rates zero, 50 kg P 2 O 5 fed -1 (3.22 g P 2 O 5 pot -1 ) and 100 kg P 2 O 5 fed -1 (6.44 g P 2 O 5 pot -1 ) in the form of calcium super phosphate (15.5 % P 2 O 5 ) in one dose before planting. The potassium fertilizer was added to soil of pots as the recommended dose determined by the Ministry of Agriculture and Land Reclamation in the form of potassium sulphate (48% K 2 O) in two doses; after 15 days from planting, and 15 days later. Copper fertilizer as foliar application was done at two rates; zero and 50 ppm Cu in the form of CuSO 4 at three times, after 21 days interval from planting. The foliar spraying was conducted by hand sprayer until saturation of leaves three times after 21, 42 and 63 days from sowing. Tween-20 was used as a wetting agent at 0.02% concentration.
Sampling dates 1) Yield components:
After 90 days (harvest stage) from sowing of onion seeds, two plants were randomly taken from each treatment replicate to measure the following yield components:  Plant height (cm)  Average bulb fresh and dry weights (g) per plant.  Bulb diameter (cm).  Neck diameter (cm).
2) Some soil chemical analysis:
-The values of EC were determined as mentioned by US Salinity Lab (1954) . -pH values were determined in soil suspension 1:2.5 (Jackson, 1967) . -Mechanical analysis of soil samples was done according to (Klute, 1986 ). -Saturation percentage and field capacity were determined according to Klute (1986) . -Calcium carbonate was determined using Collin's calcimeter method (Jackson, 1967) . -Organic matter content was determined using Walkely's & Black method (Jackson, 1967) . -Available N was determined as mentioned by Bremner (1965) . -Available P was determined according to Olsen and Sommers (1982) . -Available K was determined in extraction of soil sample as mentioned by Black (1965) . -Soluble cations and Anion, meg/L in saturated soil paste extract were determined according to Jackson (1967) .
Nutritional analysis of plant samples:
The oven-dried onion plant sample was digested by using a sulfuric-perchloric acids mixture as described by Peterburgski (1968). The total N, P and K were determined using the following methods.
-Total nitrogen (%) was determined according to the method described by Pregle (1945) , using micro-Kjeldahl. -Total phosphorus (%) was determined colorimetrically using the chlorostannus reduce molybdo phosphoric blue colour method in sulphoric system as described by Jackson (1967) .
-Potassium (%) was determined using a flame photometer according to Black (1965) . -Crude protein percentage was calculated by determination of N% by multiplication in 6.25 according to A.O.A.C. (2007). -Estimation of heavy metals in digested plant sample solution was done using atomic absorption, Perkin elmer Model 5100 as described by Kumpulainen et al. (1983) . Data obtained were subjected to the statistical analysis according to the technique of analysis of variance (ANOVA) for the factorial experiment in complete randomized block design (CRBD) as reported by Gomez and Gomez (1984) . Least significant of difference (LSD) method was used as described by Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION

1-Effect of phosphorus fertilizer levels:
Data presented in Tables 2, 3 and 4 illustrate that, the effect of phosphorus fertilizer levels on bulb fresh and dry weights, bulb diameter, neck diameter, plant height, nitrogen, phosphorus, potassium and protein percentages in onion bulbs, nitrogen, phosphorus, potassium and copper uptakes by onion plants, copper percentage, copper uptake and sulfur volatile oil percentage in onion bulbs after 90 days from sowing (at harvest stage) was significant in the season of this investigation. There were substantial differences in all studied characters among various studied phosphorus fertilizer levels i.e. 0, 50 and 100 kg P 2 O 5 fed -1 in the season. Since, fertilizing onion plants with the highest level of phosphorus fertilizer (100 kg P 2 O 5 fed -1 ) produced the highest values of the previously mentioned characters in growing season. On the other wise, control treatment (without phosphorus fertilization) gave the lowest values of these characters in the season. However, fertilizing onion plants with 50 kg P 2 O 5 fed -1 came in the second rank after fertilizing with 100 kg P 2 O 5 fed -1 in the season. Such superiority in onion yield, quality and nutrients uptake because of increasing phosphorus fertilizer levels may be due to the function of phosphorus in building energy for metabolism of plant growth through cellular productions such as ATP and ADP from the early stages to the end of the plant's life (Marschner, 1995) . Several researchers such as Abdissa et al. (2011) and Moradi (2015) reported similar results. 
2-Effect of nitrogen fertilizer levels:
Data in Tables 2, 3 and 4 show that the effect of nitrogen fertilizer levels on all studied characters i.e. bulb fresh and dry weights, bulb diameter, neck diameter, plant height, nitrogen, phosphorus, potassium and protein percentages in onion bulbs, nitrogen, phosphorus, potassium and copper uptakes by onion plants, copper percentage, copper uptake and sulfur volatile oil percentage in onion bulbs after 90 days from sowing (at harvest stage) was significant in the season. It can be stated that all studied yield, quality and nutrients uptake characters of onion significantly increased as a result of increasing nitrogen fertilizer levels from 0 to 100 and 150 kg N fed -1 and the differences among them were obvious in the season. Application of the highest level of nitrogen fertilizer (150 kg N fed -1 ) produced the highest values of yield, quality and nutrients uptake characters of onion in the season. Fertilizing onion plants with 100 kg N fed -1 came in the second rank after fertilizing with 150 kg N fed -1 with respect to these characters in the season. The lowest values of yield, quality and nutrients uptake characters of onion were resulted from control treatment (without nitrogen fertilization) in the season. These increases in yield, quality and nutrients uptake characters of onion as a result of increasing nitrogen fertilizer level up to 150 kg N fed -1 can be ascribed to the role of the essential role of nitrogen fertilizer in formation of proteins, protoplasm and chlorophyll, consequently increases cell size, leaf area, photosynthetic activity and growth characters accordingly increased yield attributes, quality and nutrients uptake of onion. Similar results were in coincidence with those stated by Tekalign et al. (2012) , Gessesew et al. (2015) , Moradi (2015) and Weldemariam et al. (2015) . 
3-Effect of copper fertilizer levels:
The effect of copper fertilizer levels as foliar application on onion yield, quality and nutrients uptake i.e. bulb fresh and dry weights, bulb diameter, neck diameter, plant height, nitrogen, phosphorus, potassium and protein percentages in onion bulbs, nitrogen, phosphorus, potassium and copper uptakes by onion plants, copper percentage, copper uptake and sulfur volatile oil percentage in onion bulbs after 90 days from sowing (at harvest stage) was significant in the season as shown in Tables 2, 3 and 4. From obtained results, it could be recommend that foliar spraying onion plants with Cu at the rate of 50 ppm which significantly surpassed control treatment (without spraying with Cu) and produced the highest values of all studied characters in the season under the environmental conditions of this study. The increases in onion yield, quality and nutrients uptake by foliar application with Cu at rate of 50 ppm may be due to the role of Cu as essential micronutrients for plant growth and activation of many enzymes. Alam et al. (2013) , Ballabh et al. (2013) and Ur Rahman et al. (2015) .
Confirming this conclusion by
CONCLUSION
It can be concluded that fertilizing onion plants with 100 kg P 2 O 5 fed -1 and 150 kg N fed -1 in addition to foliar spraying with 50 ppm Cu in the form of CuSO 4 at three times in order to maximizing its yield, quality and nutrients uptake under the environmental conditions of Mansoura district, Dakahlia Governorate, Egypt.
